The optical changes occurring during the interaction of amines with ketone aldehydes or unsaturiated aldehydes are accompanied by strong electron spin resonance signals, and can thus be explained as due to the transfer of one whole electron in the ground state.
It was noted (1) that the interaction of amines with methylglyoxal or unsaturated aldehydes is accompanied by the development of strong color. The peaks appearing in the visible region were interpreted as charge-transfer spectra. Although the qualities of the spectra agreed with those expected for charge-transfer spectra, such optical changes cannot be regarded as final evidence for a transfer of electrons. The spectra do not allow one to decide whether the transfer occurred in the ground state or in the exicited state. It was also found (1) that under certain conditions, SH groups could greatly catalyze the color changes, and it was concluded that the function of the SH groups was to catalyze such charge transfer.
We have repeated all these experiments using the electron spin resonance (ESR) absorption. We found that mixing equivalent quantities of methylglyoxal (1.0 M in ethanol) and ethylamine (5.0 M in ethanol) under various conditions always gives rise to an ESR signal(s) that is indicative of free-radical formation. The signal intensity and the apparent shape vary, depending upon the conditions as follows: five parts of cold (-20°) methylglyoxal solution and one part of cold (-20o ) ethylamine solution were mixed and left overnight at 20°. Fig. la shows the ESR spectrum taken at room temperature; the solution was allowed to warm up gradually. The spectrum consists of a broad shoulder on the outer region and some hyperfine structure in the middle. After the solution is allowed to stand at room temperature for about 0.5 hr, the hyperfine structure disappears almost completely, merging into one broad signal (Fig. lb) . There is an increase in the overall intensity by roughly 70% during the observation. When the mixture was kept at -20°only 50 min, almost the same result was obtained, with more initial emphasis on the hyperfine components. When the methylglyoxal and ethylamine solution is kept and mixed at room temperature and the ESR spectrum is taken less than 2 min after mixing, it shows several well-resolved hyperfine structures in the middle, as well as the broad outer absorption (Fig. 2a) . On standing of the solution, the hyperfine part develops gradually, with concommittant loss of the outer absorption and approximately 3-fold increase in the overall intensity. In several hours, a symmetrical, well-resolved absorption is obtained that evidently represents a single freeradical species (Fig. 2b) .
When the mixture is diluted with five parts of 0.1 M aqueous citric acid, the ESR signals in both cases became a single broad absorption with peak-to-peak width of about 23 G, stable at least for 0.5 hr at room temperature (Fig. 2c) .
Thus, the end result in both cases seems to represent the same paramagnetic species. The same signal was observed regardless of the temperature of the initial mixing (-20°or room temperature), as well as of the acid dilution, or the time elapsed between the mixing and dilution. A conclusion that can be drawn from these results is that at least two distinct freeradical species were formed as the result of the interaction between the amine and methylglyoxal, the subsequent course of reaction depending upon the relative decay rate of each species. In any event, it is demonstrated that a one-electron transfer process in the ground state is involved in the initial stage of the reaction.
When ethylenediamine (1 M in phosphate buffer pH 7.4) is used in place of ethylamine, mixture with an equivalent quantity of methylglyoxal at room temperature causes only a very slow build-up of a structureless ESR signal, similar in appearance to the one shown in Fig. 2c . However, if the same experiment is repeated in the presence of 0.2% glutathione-SH (dissolved in the ethylenediamine solution, prior to the reaction with methylglyoxal), then a free-radical signal with at least 10 hyperfine components was obtained about 3 min after mixing, which then disappeared quickly (Fig. 3) . This observation indicates that there is again an electron transfer, mediated by glutathione-SH between the amine and methylglyoxal. The mechanism of the catalysis is not fully understood.
These observations indicate that the interaction of amine nitrogen and ketone-aldehydes involves the transfer of a whole electron in the ground state even if the reaction is not catalyzed by SH, and that the changes in light absorption are less striking than in the SH-catalyzed interaction of ethylenediamine.
Amines are not known as strong donors and ketone aldehydes are not known as strong acceptors, so it is surprising to find "strong charge transfer" between the two-that is, a transfer of a whole electron in the ground state. These observations may have biological implications.
If ketone aldehydes or unsaturated aldehydes react in a similar fashion with amino groups of proteins and withdraw electrons from the protein's valence band, then they may act as "acceptor impurities" (2) and transform the protein into a p-type semiconductor.
